We test the prediction of a hagedorn density of BPS states which carry RR charge in type II compactifications. We find that in certain cases they correspond to the supersymmetric ground states for a gas of identical 0-branes.
the number of BPS states is given by taking the oscillator ground states on one side (say right) tensored with arbitrary oscillator state on the left with total oscillator number N L .
The level matching requires
Moreover the mass m of the BPS state is given by m 2 = P 2 R . Note that even if we know the existence of a BPS state only for a given P = (P L , P R ) the T-duality group SO(20, 4; Z) implies the existence of the same number of BPS states for any vector in Γ 4, 4 which is in the same orbit as P . Now we will be more specific: The Z 2 element of the U -duality group maps these momentum states to D-branes wrapped around the various cycles of T 4 [2] . Moreover the P · P gets mapped to the intersection number of p-branes. The case of parallel p-branes, where P 2 = 0 was studied in [3] (extended to the compact case in [5] ) and was shown to agree with the prediction of U -duality. A particular case where 1 2 P 2 = 1 was considered in [8] by studying in the type IIA two 2-branes wrapped around 2-cycles of T 4 , intersecting at one point in T 4 . Note that by T -duality we could have equally well considered a 0-cycle and a 4-cycle which again intersect at one point. This is more convenient for us and in fact we will generalize it by considering m 0-cycles and one 4-cycle. This gives gives the extra 2 8 = 16 2 degeneracy corresponding to left-and right-moving degeneracies of the ground state. Thus in total we get 16 3 states as expected. We can do more, and actually check the spacetime quantum numbers of these states. They will also agree with the predictions of U -duality (when we recall that the fermions in the above are spacetime spinors). Now let us consider the case where we have m 0-branes and n 4-branes. In the type IIB setup (where we dualize one of the directions and end up with m 1-branes and n 5-branes)
this would correspond to two quantum field theories, one living in 2 dimensions with gauge group U (m) and one living in 6 dimensions with gauge group U (n) and interacting on the common 2 dimensional space. Unlike the case with n = 1 we cannot justify ignoring the non-abelian dynamics of the U (n) theory in 6-dimensions and projecting down to 2 dimensions could miss some of the states which we would have gotten otherwise. However, if we take the case where we have n = 1 but choose arbitrary m, then we are justified, as above in ignoring the dynamics of the 6 dimensional theory, as it is a free abelian theory, and simply concentrate on the common 2 dimensional theory where theory becomes interacting. We can also check the spacetime quantum numbers of the BPS states and we find that they agree with these bound states. This again follows by the fact that the fermions of the quantum mechanical system are spacetime spinors and the observation (see footnote on p.
74 of [10] ) that elements with 6d helicity assignments in agreement with
. This is sufficient to guarantee that for (T 4 ) m /S m we also get the correct helicity assignments for BPS states.
Note that if we changed the orientation of the 4-brane, the length squared of the charge vector will become −m; the analysis above continues to hold which implies we get the same degeneracy. However this now corresponds to the BPS states, whose oscillator states come from the right-movers. Given the picture of the left-oscillator states corresponding to the 'gas' of 0-branes in the presence of a 4-brane, and the right-oscillator states corresponding to the 'gas' of 0-branes in the presence of an anti-4-brane, it is tempting to think of strings as 'composites' of these BPS states. This is very suggestive indeed.
A similar story seems to repeat for the type IIA compactification on K3 and its duality with heterotic string on 
